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(57) Abstract: Tissue marking apparatus for marking a tissue mass of interest within the body of a patient are disclosed. The tissue 
marking apparatus include a handle, a tube operatively coupled to a distal end of the handle, a push rod disposed within the lube and 

£5 extending into the handle, a firing mechanism retained within the handle and operatively coupled to a proximal end of the push rod, 
and a potential energy source configured and adapted to rapidly drive the push rod distally through the tube upon an activation of the 
firing mechanism. The tissue marking apparatus further includes a marker configured and dimensioned to be slidably received within 
the tube at a location distal of the push rod. The marker includes a capsule defining a chamber therein, an elongate tail extending 

^ from a distal end thereof, and at least one radioactive bead retained within the chamber of the capsule. 
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TISSUE MARKING APPARATUS AND METHOD 

5 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priority of U.S. Provisional Patent Application 
Serial No. 60/309,821, filed August 3, 2001, the entire contents of which are incorporated 
herein by reference. 

10 

BACKGROUND 

1. Technical Field 

The present disclosure relates to a tissue marking apparatus and method and, more 
particularly, to an apparatus and method for marking suspect tissue for repeated 
1 5 monitoring over time. 

2. Background of Related Art 

Interstitial medical diagnosis and treatment require means for effectively marking 
a tissue mass of interest, such as a tumor, lesion, cyst or similar tissue disorder. Marking 

20 has traditionally been accomplished using an elongate wire having a barbed or similar 
engaging end. The elongate wire is configured to be inserted such that the barbed end 
penetrates the subject tissue mass with the opposite end of the elongate wire extending 
out from the body so as to be visible upon inspection. In this manner, the elongate wire 
provides a path for subsequent incision and allows for easy removal of the wire once 

25 diagnosis and treatment are complete. 

Significant developments in the localization and demarcation of tissue, bearing 
radioactive isotope tags for diagnostic and/or therapeutic purposes has occurred over the 
years. For example, monoclonal antibodies or other tumor or lymph node localizing 
agents, tagged with a radioactive isotope (e.g., Technetium 99 m, Indium 111, Iodine 123 

30 and Iodine 125), have been introduced into the body of a patient in order to diagnose 

and/or treat certain diseases, e.g., cancer. Such radiopharmaceuticals tend to localize in 
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particular tissue, such as the cancerous tissue, so that the gamma radiation emitted by the 
isotope agent can be detected by a radiation detector, e.g., a probe. In particular, the 
radiation detector or probe is disposed or positioned adjacent a portion of the patient's 
body where the cancerous tissue is suspected to be in order to detect if any radiation is 
5 emanating from that site. If it is, this indicates that cancerous tissue is likely to be found 
at this site. 

Additionally, invasive surgical techniques have been employed to implant 
markers directly into the patient's body. For example, during a coronary artery bypass 
graft (CABG), which constitutes open heart surgery, it is common practice to surgically 

10 apply one or more metallic rings to the aorta at the site of the graft. This enables a 

practitioner to later return to the site of the graft by identifying the rings, for evaluative 
purposes. It is also common practice to mark a surgical site with staples, vascular clips 
and the like for the purpose of future evaluation of the site. 

Accordingly, the need exists for apparatus and methods of non-surgically 

1 5 implanting potentially permanent markers at the situs of the tumor or other tissue mass of 
interest, for the purpose of defining the margins of the tumor before it is removed and/or 
to establish its location after it has been removed. Preferably, the markers should be easy 
to deploy and easy to detect using state of the art imaging techniques. 

20 SUMMARY 

The present disclosure is directed to apparatus used for marking a tissue mass of 
interest within the body of a patient. The present disclosure is also directed to methods of 
using the apparatus of the present disclosure to mark the tissue mass. 

In accordance with the present disclosure, a tissue marking apparatus, for marking 

25 a tissue mass of interest within the body of a patient, includes a handle, a tube operatively 
coupled to a distal end of the handle, a push rod disposed within the tube and extending 
into the handle and a firing mechanism retained within the handle and operatively 
coupled to a proximal end of the push rod. The firing mechanism is configured and 
adapted to distally advance the push rod through the tube. 

30 The tissue marking apparatus preferably includes a marker configured and 

dimensioned to be slidably received within the tube at a location distal of the push rod. 
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Preferably, the marker includes a capsule defining a chamber therein, an elongate tail 
extending from a distal end thereof, and at least one radioactive bead retained within the 
chamber of the capsule. The elongate tail preferably has a hoop shape in an at rest 
condition and is deformable to a substantially linear condition. It is contemplated that the 
5 elongate tail can have an elliptical, triangular, square, rectangular or polygonal shape 
while in the at rest condition. 

In an embodiment, the capsule of the marker includes a distal capsule portion 
from which the elongate tail extends and a proximal capsule portion having a chamber 
formed therein for retaining the at least one radioactive bead. The distal and proximal 
10 capsule portions are preferably configured and adapted to be secured to one another and 
to house the at least one radioactive bead within the chamber thereof. 

Preferably, the firing mechanism includes a potential energy source configured 
and adapted to rapidly drive the push rod distally through the tube upon an activation of 
the firing mechanism. 

15 In one embodiment, the firing mechanism includes a piston slidably retained 

within the handle, a compression spring slidably disposed between the piston and an 
inner proximal surface of the handle, an eccentric rod having a proximal end securely 
retained within the piston and a distal end selectively retained within a detent formed in a 
distal surface of the handle, and a firing button operatively coupled to the handle. The 

20 eccentric rod presses the piston against the spring in order to maintain the spring in a 
compressed condition. The firing button is configured and adapted to disengage the 
distal end of the eccentric rod from the detent to permit the spring to decompress. 

In an alternative embodiment, the firing mechanism includes a compression 
spring slidably retained within the handle and a firing button slidably retained within the 

25 handle. The firing button includes a distal end defining a piston, a proximal end defining 
a lip configured and adapted to engage an edge of an opening formed in a proximal end 
of the handle, and a shaft portion interconnecting the distal and proximal ends of the 
firing button. The shaft portion and the proximal end of the firing button preferably 
extend through the compression spring such that the compression spring is disposed 

30 between the piston and the proximal end of the handle. In use, when the lip of the firing 
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button is engaged with the edge of the opening formed in the proximal end of the handle, 

the compression spring is maintained in a compressed condition. 

The tissue marking apparatus can further include a locking tab configured and 

adapted to prevent the manipulation of the firing mechanism. The locking tab is 
5 preferably inserted within the opening formed in the proximal end of the handle, between 

the proximal end of the firing button and a lower edge of the opening formed in the 

proximal end of the handle. The locking tab prevents the lip at the proximal end of the 

firing button from disengaging from the edge of the opening formed in the proximal end 

of the handle and thereby inadvertently firing. 
10 The handle of the tissue marking apparatus preferably includes a distal body 

portion from which the tube extends and a proximal body portion. The distal and 

proximal body portions are preferably couplable with one another. 

A marker, for use with a tissue marking apparatus disclosed herein, can include a 

capsule, an elongate tail extending from the capsule, and at least one radioactive bead 
1 5 retained within the capsule. 

Preferably, the capsule includes a distal capsule portion from which the elongate 

tail extends and a proximal capsule portion defining a chamber therein. The distal 

capsule portion and the proximal capsule portion are configured and adapted to be 

secured to one another and to house the at least one radiation bead within the chamber 
20 thereof. 

Preferably, the elongate tail has a hoop shape while in an at rest condition and is 
deformable to a substantially linear condition. The elongate tail can be made of a shape 
memory alloy. 

The present disclosure also provides a method of marking a biological tissue site 
25 within the body of a patient. The method includes the steps of inserting a tissue marking 
apparatus, having a tissue marker loaded therein, into a desired location of the patient, 
firing the tissue marking apparatus such that the tissue marker is ejected from the tissue 
marking apparatus and at least partially embedded in the body of the patient, and 
withdrawing the tissue marking apparatus from the body of the patient. Preferably, the 
30 tissue marker remains wholly within the body of the patient and is positioned proximate 
the desired location. 
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Preferably, the tissue marking apparatus includes a handle, a tube operatively 
coupled to a distal end of the handle, a push rod disposed within the tube and extending 
into the handle, a firing mechanism retained within the handle and operatively coupled to 
a proximal end of the push rod, and a potential energy source configured and adapted to 
5 rapidly drive the push rod distally through the tube upon an activation of the firing 
mechanism. The firing mechanism is preferably configured and adapted to distally 
advance the push rod through tiie tube and fire at least one marker into the body of the 
patient. 

The marker preferably includes a capsule having a distal capsule portion from 

10 which the elongate tail extends and a proximal capsule portion having a chamber formed 
therein, an elongate tail extending from the distal capsule portion, and at least one 
radioactive bead retained within the chamber of the proximal capsule portion. The tail 
preferably has a hoop shape while in an at rest condition and is deformable to a 
substantially linear condition. 

1 5 In one embodiment, the firing mechanism includes a piston slidably retained 

within the handle, a compression spring slidably disposed within the handle, an eccentric 
rod having a proximal end securely retained within the piston and a distal end selectively 
retained within a detent formed in a proximal surface of the handle, and a firing button 
operatively coupled to the handle, the firing button being configured and adapted to 

20 disengage the distal end of the eccentric rod from the detent to permit the spring to 
decompress. The eccentric rod preferably presses the piston against the spring to 
maintain the spring in a compressed condition. 

In an alternative embodiment, the firing mechanism includes a compression 
spring slidably retained within the handle and a firing button slidably retained within the 

25 handle. The firing button preferably includes a distal end defining a piston, a proximal 
end defining a lip configured and adapted to engage an edge of an opening formed in a 
proximal end of the handle, and a shaft portion interconnecting the distal and proximal 
ends of the firing button. The shaft portion and the proximal end of the firing button 
preferably extend through the compression spring such that the compression spring is 

30 disposed between the distal end of the firing button and the proximal end of the handle. 
The compression spring is preferably maintained in a compressed condition when the lip 
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of the firing button is engaged with the edge of the opening formed in the proximal end 
of the handle. 

Other advantages and features of the apparatus and method disclosed herein will 
become apparent from the following description of preferred embodiments, the 
5 accompanying drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
this specification, illustrate the preferred embodiments, and together with the description, 
10 serve to explain the principles of the presently disclosed apparatus, wherein: 

FIG. 1 is a perspective view of a tissue marking apparatus constructed in 
accordance with one illustrative embodiment of the present disclosure; 

FIG. 2 is a perspective view, with parts separated, of the tissue marking apparatus 
of FIG. 1; 

1 5 FIG. 2A is a cross-sectional side elevational view, taken along the longitudinal 

axis, of the tissue marking apparatus of FIG. 1; 

FIG. 3 is a perspective view of a tissue marking apparatus constructed in 
accordance with another embodiment of the present disclosure; 

FIG. 4 is a perspective view, with parts separated, of the tissue marking apparatus 
20 of FIG. 3; 

FIG. 4A is a cross-sectional side elevational view, taken along the longitudinal 
axis, of the tissue marking apparatus' of FIG. 3; 

FIG. 5 is a perspective view of a tissue marking apparatus constructed in 
accordance with a further embodiment of the present disclosure; 
25 FIG. 6 is a perspective view of the tissue marking apparatus of FIG. 5 with a 

firing safety tab in place; 

FIG. 7 is an enlarged perspective view of the firing safety tab of FIG. 6; 

FIG. 8 is a perspective view, with parts separated, of the tissue marking apparatus 
of FIG. 6; 

30 FIG. 8 A is a cross-sectional side elevational view, taken along the longitudinal 

axis, of the tissue marking apparatus of FIG. 5; and 
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FIGS. 9-13 are enlarged perspective views of an illustrative embodiment of a 
tissue marker constructed in accordance with the present disclosure, showing various 
deployment configurations in various types of body tissue. 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the presently disclosed target marking apparatus will 
now be described in detail with reference to the drawing figures wherein like reference 
numerals identify similar or identical elements. In the drawings and in the description 
which follows, the term "proximal", as is traditional will refer to the end of the surgical 
10 device or instrument of the present disclosure which is closest to the operator, while the 
term "distal" will refer to the end of the device or instrument which is furthest from the 
operator. 

Referring now in specific detail to the drawings, in which like referenced 
numerals identify similar or identical elements throughout the several views and initially 

15 to FIGS. 1, 2 and 2 A, a preferred embodiment of a tissue marking apparatus is generally 
disclosed as 100. Tissue marking apparatus 100 includes a barrel shaped handle 110 
having a hollow proximal barrel portion 1 10a and a hollow distal barrel portion 1 10b 
which are secured together by suitable fastening techniques. Tissue marking apparatus 
100 further includes an elongated outer tube 112 extending from distal barrel portion 

20 1 10b. Preferably, outer tube 1 12 is formed of stainless steel or other suitable material for 
insertion into tissue of a patient. To facilitate insertion through the patient's skin to the 
target tissue, outer tube 1 12 is provided with a beveled/sharpened distal tip 114. As seen 
in FIG. 2, distal barrel portion 1 10b can include a region of reduced diameter which is 
sized to be received within proximal hollow barrel portion 1 10a. Accordingly, at least 

25 one fastening element 108 (i.e., a screw) can be provided which extends through 
proximal barrel portion 1 10a and into distal barrel portion 1 10b in order to secure 
proximal barrel portion 1 10a to distal barrel portion 1 10b. 

Tissue marking apparatus 100 further includes a push rod 124 disposed within 
outer tube 112. Handle 110 houses a firing mechanism 132 adapted to rapidly deploy 

30 tissue marker 1 16 from the distal end of outer tube 1 12. Firing mechanism 132 includes, 
for example, a potential energy storage and release mechanism, such as a coil spring 126. 
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Coil spring 126 of firing mechanism 132 is configured and dimensioned to be slidingly 
retained within handle 110. Firing mechanism 132 further includes a piston element 128 
slidably positioned within distal and proximal barrel portions 1 10a, 1 10b and distal of 
spring 126 which is retained within handle 1 10. Piston element 128 is configured and 
5 adapted to securely receive a proximal end of push rod 124 in a distal end thereof, as seen 
in FIG. 2A. 

Firing mechanism also includes a firing button 130, disposed in a slot 136 formed 
in distal barrel portion 1 10b, which is in radial alignment with an eccentric rod 134. 
Eccentric rod 134 has a proximal end which is press fit into a receiving feature formed on 
10 the distal surface of piston element 128 and a distal end which engages a detent formed in 
a surface of distal barrel portion 1 10b. Eccentric rod 134 is provided in order to maintain 
spring 126 in a compressed condition thereby preventing distal movement of piston 
element 128. 

Turning to FIGS. 9-13, a tissue marker 116, constructed in accordance with the 

1 5 present disclosure, is configured and adapted to be disposed in the distal end of outer tube 
1 12 of tissue marking apparatus 100. Tissue marker 1 16 includes a capsule 118 and a 
flexible elongate tail 120 extending from the distal end thereof. Capsule 1 18 is 
preferably formed of two portions, a distal portion and a proximal portion 1 1 8a, 1 1 8b, 
respectively, which are configured and dimensioned to receive one or more radioactive 

20 beads 122 within a hollow interior chamber 119 formed therebetween. Preferably, distal 
and proximal portions 1 1 8a, 1 1 8b of capsule 118 can be sealed closed in order to prevent 
beads 122 from escaping therefrom. Distal portion 1 18a of capsule 1 18 is secured to the 
proximal end of elongated tail 120 while proximal portion 1 18b of capsule 118, having at 
least one bead 122 contained in hollow chamber 119 thereof, is secured to distal portion 

25 1 1 8a. Preferably, capsule 1 1 8 is made from a biocompatible material, such as, for 

example, stainless steel, titanium and certain plastics known by those of skill in the art. 

Elongated tail 120 of marker 1 16 is preferably formed from a super-elastic metal 
having a substantially hoop-like shape while in an at rest condition. The elongate tail 120 
is capable of being deformed to a substantially straightened configuration to fit in the 

30 distal end of outer tube 1 12. Alternatively, elongate tail 120 can be constructed from a 
shape memory alloy. While a hoop-like shape for elongate tail 120 is depicted and 
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described, it is envisioned that elongate tail 120 can be non-circular, such as, for example, 
elliptical, triangular, square, rectangular or polygonal. In other words, a distal end of 
elongate tail 120, while in an at rest condition, will have a tendency to wrap around and 
approach a median portion of elongate tail 120. 
5 As best seen in FIG. 2 A, upon assembly, spring 126 is compressed and eccentric 

flexible rod 134 is positioned between piston element 128 and distal barrel portion 1 10b 
such that eccentric flexible rod 1 34 is in radial alignment with firing button 1 30 which is 
disposed in slot 136 of distal barrel portion 1 10b. A tissue marker 1 16 is disposed within 
outer tube 1 12 at a location distal of push rob 124. In this manner, upon pushing firing 

10 button 130, eccentric rod 134 is forced out of the detent formed in distal barrel portion 
1 10b and out of axial alignment thereby permitting rapid decompression of spring 126 
and consequent distal movement of piston element 128 to urge push rod 124 forward and 
to force tissue marker 116 out from the distal end of outer tube 1 12 with sufficient 
velocity to penetrate the surrounding tissue without pushing the surrounding tissue out of 

1 5 the way. 

Referring now to FIGS. 3, 4 and 4A, a further embodiment of a tissue marking 
apparatus is generally shown as 200. Tissue marking apparatus 200 includes a hollow 
tubular shaped handle 210 having a proximal tubular portion 210a and a distal tubular 
portion 210b which are secured together by suitable fastening techniques. An elongated 

20 outer tube 212 extends from distal portion 2 1 0b. 

Tissue marking apparatus 200 further includes a push rod 224 disposed within 
outer tube 212, immediately proximal of a tissue marker 1 16 (as described above), to 
facilitate deployment of marker 116 from outer tube 212. Handle 210 houses a firing 
mechanism 232 adapted to rapidly deploy tissue marker 116 from the distal end of outer 

25 tube 212. Firing mechanism 232 includes a coil spring 226 configured and dimensioned 
to be slidably received within proximal and distal tubular portions 210a, 210b. Firing 
mechanism 232 further includes a firing button 230 having a piston element 228 at a 
distal end thereof, a ledge surface 232a at a proximal end thereof and a shaft portion 228a 
interconnecting piston element 228 and ledge surface 232a. Piston element 228 is 

30 preferably configured and adapted to securely receive a proximal end of push rod 124 in 
a distal end thereof, as seen in FIG. 4A. Preferably, ledge surface 232a defines a 
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shoulder 234, which shoulder 234 serves to retain spring 226 in a compressed state, 
between piston element 228 and a distal surface of proximal tubular portion 210a, when 
ledge surface 232a extends through a longitudinal opening 240 formed through proximal 
tubular portion 210a and engages arcuate surface 211 of longitudinal opening 240 in a 
5 snap-fit type engagement, as seen in FIG. 4A. 

In this manner, upon squeezing or depressing ledge surface 232a, thereby 
disengaging shoulder 234 from arcuate surface 21 1, spring 226 is rapidly decompressed, 
thereby pressing against the proximal surface of piston element 228, resulting in 
consequent distal movement of piston element 228 to urge push rod 224 forward and to 

10 force tissue marker 1 16 out from the distal end of outer tube 212. Accordingly, tissue 

marker 1 16 is expelled with sufficient velocity to penetrate the surrounding tissue without 
pushing the surrounding tissue out of the way. 

Referring now to FIGS. 5-8A, a tissue marking apparatus, in accordance with a 
further alternative embodiment of the present disclosure, for deploying a tissue marker 

15 116, is shown generally as 300. Tissue marking apparatus 300 includes a hollow tubular 
shaped handle 310 having a proximal tubular portion 3 1 0a and a distal tubular portion 
310b which are secured together by suitable fastening techniques, such as, for example, a 
recess 308a formed in proximal tubular portion 310a which is configured and 
dimensioned to receive a radial projection 308b extending from distal tubular portion 

20 3 1 0b in a snap-fit type engagement. 

As seen in particular in FIG. 8, tissue marking apparatus 300 includes a push rod 
324 disposed within an outer tube 312, immediately proximal of a tissue marker 1 16 (as 
described above), to facilitate deployment of marker 116 from outer tube 3 12. Handle 
310 houses a firing mechanism 332 adapted to rapidly deploy tissue marker 116 from the 

25 distal end of outer tube 3 1 2. 

Firing mechanism 332 includes, for example, a coil spring 326 configured and 
dimensioned to be slidably received within distal and proximal tubular portions 310a, 
310b. Firing mechanism 332 further includes a firing button 330 having a piston element 
328, configured and dimensioned to be received within tubular portion 310b, a proximal 

30 end 334, configured and dimensioned to extend through an opening 306 formed in 

proximal tubular portion 310b, and a shaft portion 328a interconnecting piston element 
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328 and angled end 334. Piston element 328 is preferably configured and adapted to 
securely receive a proximal end of push rod 324 in a distal end thereof, as seen in FIG. 
8A. Preferably, proximal end 334 of firing button 330 includes a radially projecting lip 
336, which lip 336 is configured and dimensioned to engage an edge of opening 306 

5 formed in proximal tubular portion 3 10a in a snap-fit type engagement. As such, when 
proximal end 334 extends through opening 306 formed in proximal tubular portion 3 10a, 
spring 326 is retained in a compressed state between piston element 328 and an inner 
surface of proximal tubular portion 310a, as seen in FIG. 8 A. 

As seen in FIGS. 6-8A, a safety tab 338 is shown inserted through proximal 

10 opening 306, between proximal end 334 and tubular portion 3 10a, in order to wedge lip 
336 against the edge of opening 306 and to prevent unintentional firing of marking 
apparatus 300. Preferably, safety tab 338 is made of a pliable material, such as plastic, 
which conforms to the contours of opening 306 and proximal end 334. Prior to firing 
tissue marking apparatus 300, safety tab 338 must be removed from between tubular 

15 portion 3 10a and proximal end 334 in order to permit disengagement of lip 336 from the 
edge of opening 306. 

After removal of safety tab 338, depressing proximal end 334 causes lip 336 to 
disengage from the edge of opening 306 and permits spring 326 to rapidly decompress 
and press against the proximal surface of piston element 328 which results in consequent 

20 distal movement of piston element 328 to urge push rod 324 forward and to force tissue 
marker 116 out from the distal end of outer tube 312. 

In use, a tissue marking apparatus (i.e., either tissue marking apparatus 100, 200 
or 300, as described above), with a tissue marker 116 pre-loaded therein, is removed from 
its sterile packaging (not shown) and the distal end of outer tube 1 12, 212, 312 is inserted 

25 into the desired location of the patient, either by hand (by pushing the distal end of the 

outer tube into the tissue) or alternatively, by using a positioning apparatus to advance the 
tip of the tissue marker apparatus to the target tissue area. Visual markers or radiopaque 
markers, provided on the outer surface of the instrument (not shown), can be used to 
angularly orient the hoop as desired. Firing button 130, 230, 330 is manipulated to 

30 activate firing mechanism 132, 232, 332 to eject tissue marker 116 from the distal end of 
outer 112, 212, 312 tube and deploy elongate tail 120 into the patient's tissue. Tissue 
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marking apparatus 100, 200, 300 is then pulled out of the patient, leaving tissue marker 
1 1 6 in place at the target tissue. 

Accordingly, subsequent monitoring of the tagged or marked tissue can be 
repeated by detecting the radioactive energy emitted from radioactive beads 122 enclosed 
5 in capsule 118. When all monitoring is complete, marker 1 16 is removed by biopsying 
the tissue surrounding marker 1 16 to remove anchored marker 116 therefrom. 

Turning now to FIGS. 9-13, illustrative configurations of flexible elongated tail 
120 of tissue marker 116 upon insertion into human, animal or other tissue are shown. In 
general, denser or more muscular tissue tends to prevent elongated tail 120 from 

10 returning to its predetermined shape after being fired into body tissue thereby resulting in 
a multitude of variations and orientations. In each instance, the elongated tail attempts to 
achieve its predetermined shape resulting in an "engulfing" motion upon the tissue. The 
"engulfing" motion prevents the migration of tissue marker 116. The elongate tail 120 
takes on a substantially circular or hoop like configuration as illustrated in FIG. 13. It is 

15 contemplated that elongate tail 120 can take on many other configurations, including and 
not limited to, polygonal, ovular and the like. Preferably, elongated tail 120 has a 
predetermined shape in which the distal tip of elongated tail 120 doubles back and 
crosses over a region between the median and the proximal end of elongated tail 120. 

As seen in FIGS. 9 and 10, tissue marker 1 16 is illustratively shown with elongate 

20 tail 120 imbedded within dense/fatty tissue. In FIG. 9, only the distal most end of 

elongate tail 120 is curved, while in FIG. 10 the median portion and the distal most end 
of elongate tail 120 are curved. Further, as seen in FIG. 1 1, when elongate tail 120 is 
fired into dense tissue, the arc of elongate tail 120 may be localized to the distal most tip 
or, as seen in phantom, the arc of elongate tail may be widespread of the entire length. 

25 As seen in FIG. 12, when elongate tail 120 is fired into a combination of dense and fatty 
tissue, the median portion of elongate tail 120 has a larger radius of curvature as it passes 
through fatty tissue, while the distal most end of elongate tail 120 has a smaller radius of 
curvature as it penetrates denser tissue. 

Although illustrative embodiments of the present disclosure have been described 

30 herein with reference to the accompanying drawings, it is understood that the disclosure 
is not limited to those precise embodiments and that various other changes and 
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modifications may be affected therein by one skilled in the art without departing from the 
scope or spirit of the disclosure. All such changes and modifications are intended to be 
included within the scope of the present disclosure. 
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WHAT IS CLAIMED IS: 

1 . A tissue marking apparatus for marking a tissue mass of interest within the 
body of a patient, the tissue marking apparatus comprising: 

a handle; 

a tube operatively coupled to a distal end of the handle; 

a push rod disposed within the tube and extending into the handle; and 

a firing mechanism retained within the handle and operatively coupled to a 

proximal end of the push rod, the firing mechanism being configured and adapted to 

distally advance the push rod through the tube. 

2. The tissue marking apparatus according to claim 1, further comprising: 

a marker configured and dimensioned to be slidably received within the tube at a 
location distal of the push rod. 

3. The tissue marking apparatus according to claim 2, wherein the marker 
comprises: 

a capsule defining a chamber therein; 

an elongate tail extending from a distal end thereof, the tail having a shape, while 
' in an at rest condition, in which a distal end of the elongate tail approaches a median 
portion of the elongate tail, the elongate tail being deformable to a substantially linear 
condition; and 

at least one radioactive bead retained within the chamber of the capsule. 

4. The tissue marking apparatus according to claim 3, wherein the capsule of 
the marker comprises: 

a distal capsule portion from which the elongate tail extends; and 
a proximal capsule portion having a chamber formed therein for retaining the at 
least one radioactive bead, the distal and proximal capsule portions being configured and 
adapted to be secured to one another and to house the at least one radioactive bead within 
the chamber thereof. 
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5. The tissue marking apparatus according to claim 3, wherein the firing 
mechanism comprises: 

a potential energy source configured and adapted to rapidly drive the push rod 
distally through the tube upon an activation of the firing mechanism. 

6. The tissue marking apparatus according to claim 5, wherein the firing 
mechanism comprises: 

a piston slidably retained within the handle; 

a compression spring slidably disposed between the piston and an inner proximal 
surface of the handle; 

an eccentric rod having a proximal end securely retained within the piston and a 
distal end selectively retained within a detent formed in a distal surface of the handle, the 
eccentric rod pressing the piston against the spring to maintain the spring in a compressed 
condition; and 

a firing button operatively coupled to the handle, the firing button being 
configured and adapted to disengage the distal end of the eccentric rod from the detent to 
permit the spring to decompress. 

7. The tissue marking apparatus according to claim 5, wherein the firing 
mechanism comprises: 

a compression spring slidably retained within the handle; and 
a firing button slidably retained within the handle, the firing button including: 
a distal end defining a piston; 

a proximal end defining a Up configured and adapted to engage an edge of 
an opening formed in a proximal end of the handle; and 

a shaft portion interconnecting the distal and proximal ends of the firing 
button, wherein the shaft portion and the proximal end of the firing button extend through 
the compression spring such that the compression spring is disposed between the piston 
and the proximal end of the handle, and wherein the compression spring is maintained in 
a compressed condition when the lip of the firing button is engaged with the edge of the 
opening formed in the proximal end of the handle. 
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8. The tissue marking apparatus according to claim 7, wherein the tissue 
marking apparatus further comprises: 

a locking tab configured and adapted to prevent the manipulation of the firing 
mechanism. 

9. The tissue marking apparatus according to claim 8, wherein the locking 
tab is insertable within the opening formed in the proximal end of the handle, between the 
proximal end of the firing button and a lower edge of the opening formed in the proximal 
end of the handle, whereby the locking tab prevents the lip at the proximal end of the 
firing button from disengaging from the edge of the opening formed in the proximal end 
of the handle. 

10. The tissue marking apparatus according to claim 7, wherein the marker is 
positioned within the tube such that the elongate tail is distally oriented and the capsule is 
in contact with the push rod. 

1 1 . The tissue marking apparatus according to claim 7, wherein the handle of 
the tissue marking apparatus comprises: 

a distal body portion from which the tube extends; and 

a proximal body portion, and distal and proximal body portions being configured 
and adapted to be coupled to one another. 

12. A marker, for use with a tissue marking apparatus, for marking a tissue 
mass of interest within the body of a patient and to be positioned wholly within the 
patient, the marker comprising: 

a capsule; 

an elongate tail extending from the capsule; and 

at least one radioactive bead retained within the capsule. 

13. The marker according to claim 12, wherein the capsule comprises: 
a distal capsule portion from which the elongate tail extends; and 
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a proximal capsule portion defining a chamber therein, wherein the distal capsule 
portion and the proximal capsule portion are configured and adapted to be secured to one 
another and to house the at least one radiation bead within the chamber thereof. 

14. The marker according to claim 1 3, wherein the elongate tail has a shape, 
while in an at rest condition, in which a distal end of the elongate tail approaches a 
median portion of the elongate tail, the elongate tail being deformable to a substantially 
linear condition. 

1 5. The marker according to claim 14, wherein the elongate tail is made from 
a material selected from the group consisting of shape memory alloys and super-elastic 
materials. 

16. A method of marking a biological tissue site, within the body of a patient, 
the method comprising the steps of: 

inserting a tissue marking apparatus, having a tissue marker loaded therein, into a 
desired location of the patient; 

firing the tissue marking apparatus such that the tissue marker is ejected from the 
tissue marking apparatus and at least partially embedded in the body of the patient; and 

withdrawing the tissue marking apparatus from the body of the patient with the 
tissue marker remaining wholly within the body of the patient and positioned proximate 
the desired location. 

17. The method according to claim 16, wherein the tissue marking apparatus 
comprises: 

a handle; 

a tube operatively coupled to a distal end of the handle; 
a push rod disposed within the tube and extending into the handle; 
a firing mechanism retained within the handle and operatively coupled to a 
proximal end of the push rod, the firing mechanism being configured and adapted to 
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distally advance the push rod through the tube and fire at least one marker into the body 
of the patient; and 

a potential energy source configured and adapted to rapidly drive the push rod 
distally through the tube upon an activation of the firing mechanism. 

1 8 . The method according to claim 1 7, wherein the marker comprises: 

a capsule includes a distal capsule portion from which the elongate tail extends 
and a proximal capsule portion having a chamber formed therein; 

an elongate tail extending from the distal capsule portion, the tail having a shape, 
while in an at rest condition, in which a distal end of the elongate tail approaches a 
median portion of the elongate tail, the elongate tail being deformable to a substantially 
linear condition; and 

at least one radioactive bead retained within the chamber of the proximal capsule 
portion. 

19. The method according to claim 1 8, wherein the firing mechanism 
comprises: 

a piston slidably retained within the handle; 

a compression spring slidably disposed within the handle; 

an eccentric rod having a proximal end securely retained within the piston and a 
distal end selectively retained within a detent formed in a proximal surface of the handle, 
the eccentric rod pressing the piston against the spring to maintain the spring in a 
compressed condition; and 

a firing button operatively coupled to the handle, the firing button being 
configured and adapted to disengage the distal end of the eccentric rod from the detent to 
permit the spring to decompress. 

20. The method according to claim 1 8, wherein the firing mechanism 
comprises: 

a compression spring slidably retained within the handle; and 

a firing button slidably retained within the handle, the firing button including: 
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a distal end defining a piston; 

a proximal end defining a lip configured and adapted to engage an edge of 
an opening formed in a proximal end of the handle; and 

a shaft portion interconnecting the distal and proximal ends of the firing 
button, wherein the shaft portion and the proximal end of the firing button extend through 
the compression spring such that the compression spring is disposed between the distal 
end of the firing button and the proximal end of the handle, and wherein the compression 
spring is maintained in a compressed condition when the lip of the firing button is 
engaged with the edge of the opening formed in the proximal end of the handle. 



19 



WO 03/011161 



PCT/US02/25221 



2/15 




WO 03/011161 



PCT/US02/25221 



3/15 




WO 03/011161 PCT/US02/25221 



5/15 




WO 03/011161 



PCT/US02/25221 



6/15 




WO 03/011161 



PCT/US02/25221 



10/15 

i 



WO 03/011161 



PCT/US02/25221 



11/15 




WO 03/011161 



PCT/US02/25221 



12/15 



WO 03/011161 



PCT/US02/25221 



13/15 




WO 03/011161 



PCT/US02/25221 



14/15 




WO 03/011161 



PCT/US02/25221 



15/15 




INTERNATIONAL SEARCH REPORT 


Intentional Application No 

PCT/US 02/25221 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61B19/00 




According to Internationa! Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61B A61M A61N 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


EP 0 966 925 A (ETHICON ENDO SURGERY INC) 


1,2 




29 December 1999 (1999-12-29) 






column 9, line 7 - line 49; figures 






2,10-12 




X 


WO 99 40869 A (UNIV IOWA RES FOUND ; BASK IN 


12,13 




KEVIN M (US); BARNHART WILLIAM H (US)) 




19 August 1999 (1999-08-19) 




Y 


page 7, line 6 - line 14; figures 1,2 


14,15 


X 


WO 00 38779 A (UNIV PITTSBURGH) 


1,2 




6 July 2000 (2000-07-06) 


A 


page 15, line 12 -page 16, line 10; 


3 




figures 3-5 






_/-- 





0 



Further documents are listed In the continuation of box C. 



10 



Patent family members are listed in annex. 



° Special categories of cited documents : 

a A a document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O" document referring to an oral disclosure, use, exhibition or 
other means 

•P' document published prior to the International filing date but 
later than the priority date claimed 



■T" later document published after the International filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

■Y" document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

'&' document member of the same patent family 



Date of the actual completion of the International search 

7 November 2002 


Date of mailing of the International search report 

13/11/2002 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRI]swlJk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Mayer, E 



Form PCT/ISA/210 (second sheet) (July 1602) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


"intentional Application No 

PCT/US 02/25221 


C(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with indicatlon.where appropriate, of the relevant passages 


Relevant to claim No. j 


Y 
A 


WO 00 24320 A (PALMER MITCHELL J ; UNITED 
STATES SURGICAL CORP (US); VIOLA FRANK J) 
4 May 2000 (2000-05-04) 
column 7, line 4 - line 13; figures 8,9 




14,15 

3 


A 


W0 96 08208 A (BI0PSYS MEDICAL INC) 

21 March 1996 (1996-03-21) 

page 21, line 25 -page 22, line 8; figure 

16 




1,12 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



"^BeTni 

INTERNATIONAL SEARCH REPORT 



atfonal application No. 
PCT/US 02/25221 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international Search Report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons: 

1. W\ Claims Nos.: 16-20 

because they relate to subject matter not required to be searched by this Authority, namely: 

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by 



□ 



surgery 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . | I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
1 — 1 searchable claims. 

2. 1 | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not Invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. 1 | No required additional search fees were timely paid by the applicant Consequently, this International Search Report Is 
restricted to the invention first mentioned In the claims; it is covered by claims Nos.: 



Remark on Protest f ^] The additional search fees were accompanied by the applicant's protest 

|~] No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intentional Application No 

PCT/US 02/25221 



Patent document 
cited In search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0966925 


A 


29-12-1999 


US 


6261302 


Bl 


17-07-2001 








AU 


3677199 


A 


13-01-2000 








EP 


0966925 


Al 


29-12-1999 








JP 


2000033089 


A 


02-02-2000 



WO 9940869 A 19-08-1999 US 6175760 Bl 16-01-2001 

AU 2768699 A 30-08-1999 

W0 9940869 Al 19-08-1999 



WO 0038779 A 06-07-2000 US 6270472 Bl 07-08-2001 

AU 3342600 A 31-07-2000 

W0 0038779 Al 06-07-2000 



WO 0024320 A 04-05-2000 AU 752639 B2 26-09-2002 

AU 1225600 A 15-05-2000 

EP 1123047 Al 16-08-2001 

W0 0024320 Al 04-05-2000 

US 2001023322 Al 20-09-2001 



W0 9608208 


A 


21-03-1996 CA 


2199864 


Al 


21-03-1996 






EP 


0781114 


Al 


02-07-1997 






JP 


10508504 


T 


25-08-1998 






U0 


9608208 


Al 


21-03-1996 






US 


2001034528 


Al 


25-10-2001 






US 


6228055 


Bl 


08-05-2001 



Foim PCT/1SA/210 (patent family annex) (July 1992) 



